Objective. This meta-analysis is aimed at assessing the safety and efficiency of colonic self-expanding metallic stents (SEMS) used as a bridge to surgery in the management of left-sided malignant colonic obstruction (LMCO). Methods. A systematic search was conducted in PubMed, Web of Knowledge, OVID, Google Scholar, CNKI, and WANGFANG for relevant randomized trials comparing colonic stenting used as a bridge in semielective surgery versus emergency surgery from January 2001 to September 2013. Result. Five published studies were included in this systematic review, including 273 patients (140 male/133 female). 136 patients received semielective surgery after SEMS installation while 137 patients underwent emergency surgery without SEMS. SEMS intervention resulted in significantly lower overall colostomy rate (41.9% versus 56.2%, = 0.02), surgical site infection rate (10.2% versus 19.7%, = 0.03), and overall complication rate (29.2% versus 60.5%, = 0.05). There was no statistic difference for the rate of primary anastomosis, anastomotic leak and operation-related mortality between two groups. Conclusions. semielective surgery with SEMS as a bridge for proper patients of LMCO can lower the overall rate for colostomy, surgical site infection, and complications.
Introduction
Emergency surgery was considered as the traditional treatment for left-sided malignant colonic obstruction (LMCO). However, the complication rate and mortality remained high for emergency surgery. Semielective radical surgery after preinstallation with self-expanding metallic stent (SEMS) to relieve colon obstruction showed promise for LMCO treatment. With SEMS application, surgeons gained more time for ameliorating patients' condition, bowel preparation, and preoperative assessment for tumor, which could improve the operative safety and efficiency by enhancing the rate of primary anastomosis while lowering the overall colostomy rate. It could raise the quality of life by avoiding mental and physical trouble caused by colostomy. Furthermore, it might decrease the mortality and overall complication rate due to improvement of patient condition and primary anastomosis rate.
In this paper, we further evaluated the safety and efficiency of SEMS as a bridge in LMCO by meta-analysis of randomized trials of semielective surgery after SEMS versus emergency surgery.
Materials and Methods

Database Search.
A systematic search was conducted in PubMed, Web of Knowledge, OVID, Google Scholar, CNKI, and WANGFANG for relevant randomized trials comparing colonic stenting used as a bridge in semielective surgery versus emergency surgery from January 2001 to September 2013. The search strategy employed the following mesh headings and keywords alone or in combination, "SEMS, " "stents, " "left-sided colorectal cancer, " "obstruction, " "left-sided malignant colorectal obstruction, " "self-expanding metallic stents as a bridge to surgery, " "emergency surgery, " and "semielective surgery. " 
Literature Screening and Assessment.
The literature screening and assessment was conducted by two professionals with the following strict criteria.
Inclusion Criteria.
Studies were included in the present analysis when the following criteria were met: study about randomized controlled trials, study regarding patients with left-sided malignant colonic obstruction, study comparing semielective surgery with SEMS versus traditional emergency surgery.
Main statistical parameters include primary anastomosis rate, overall colostomy rate, anastomotic leak rate, overall complication rate, postoperative mortality within 30 days, and rate of surgical site infection.
Exclusion Criteria. They are as follows:
study about nonrandomized controlled trials, study about palliative treatment with SEMS, study about left colorectal obstruction caused by metastatic colorectal cancer, study about nonleft colorectal obstruction.
Data Assessment.
The data was assessed by one professional reviewer based on the criteria and further confirmed by another professional reviewer.
Statistical Analysis.
Data analysis was performed with RevMan 5.0 provided by Cochrane. Risk ratio (RR) was used as statistical variable. Each effect variable was presented with 95% confidence interval (CI) and = 0.05 was considered as statistical significance.
2 test and 2 were employed to assess the heterogeneity. Mantel-Haenszel fixed effect model was used for data analysis if nonsignificant heterogeneity was detected ( > 0.1 and 2 < 0.5). In case of significant heterogeneity ( < 0.1 or 2 > 0.5) D-L random effect model was used for analysis.
Result
Literature Inclusion.
Total of five randomized controlled trials were included for meta-analysis [1] [2] [3] [4] [5] and the screening flowchart was shown in Figure 1 . All were high-qualified literatures as evaluated with bias risk criteria recommended by Cochrane and Jadad scale [6] (Table 1) . 273 patients (140 male/133 female) were included (Table 2 ) with 136 patients receiving semielective operation after SEMS and the other 137 patients receiving emergency surgery. Result was analyzed following the principle of intentional analysis.
Primary Anastomosis
Rate. Random effects model was employed for the rate of primary anastomosis in the five papers as preanalysis showed heterogeneity ( < 0.00001, 2 = 92%). The result displayed no statistical significance for primary anastomosis rate between SEMS and emergency surgery groups (RR 1.29; 95% CI, 0.86-1.94; = 0.22), although SEMS group showed higher rate (71.3% versus 51.8%) (Figure 2(a) ). And no bias was found by funnel plot (Figure 2(b) ) and Egger's test (Table 3 ). Sensitivity analysis van Hooft et al. [5] also indicated stable result (Table 4) . Meta-analysis showed that 99% heterogeneity could be interpreted with sample size ( = 3.0548, = 0.0023, Table 5 ). All patients in both groups received primary anastomosis in the report by Ho and colleagues [3] . 12 out of 19 patients in emergency surgery group were treated with primary anastomosis after intestinal lavage during operation while 4 patients received primary anastomosis after intestinal lavage due to failure of stent installation. In the research by Alcántara et al., all patients in emergency surgery group received primary anastomosis after intestinal lavage during operation, and one patient was given Hartman operation due to peri-stent cellulitis [1] . The result showed homogeneity after we excluded the above-mentioned reports ( = 0.82; 2 = 0%). Thus we performed fixed effect model analysis and found that the rate of primary anastomosis in SEMS group was significantly higher than that in emergency surgery group (62.4% versus 37.1%; RR 1.66; 95% CI 1.26-2.19; = 0.0004).
Overall Colostomy
Rate. Fixed effect analysis model was employed since nonsignificant heterogeneity ( = 0.21, 2 = 32%) and the result showed the overall rate of colostomy in SEMS group was significantly lower than that in emergency surgery group (41.9% versus 56.2%; RR 0.77; 95% CI 0.61-0.96; = 0.02) (Figure 3(a) ). No bias was found as indicated by funnel plot (Figure 3(b) ) and Egger's test (Table 3) .
Rate of Anastomotic Leak.
Nonsignificant heterogeneity ( = 0.16, 2 = 39%) was found by analysis. Therefore we analysed the data with fixed effect model and found that there was no significant difference for the rate of anastomotic leak between SEMS group and emergency surgery group (5.9% versus 6.6%; RR 0.73; 95% CI 0.32-1.71; = 0.47) ( Figure 4(a) ). No bias was found by funnel plot (Figure 4(b) ) and Egger's test (Table 3) .
Overall Rate of Complication.
We used random effect model for analyzing overall rate of complication because of the heterogeneity among researches ( = 0.002, 2 = 76%). The analysis indicated SEMS group had lower overall rate of complication than emergency surgery group without statistical significance (37.5% versus 54.7%; RR 0.58; 95% CI 0.30-1.10; = 0.09) (Figure 5(a) ). Furthermore, publication bias was found by funnel plot (Figure 5(b) ) and Egger's test (Table 3 ). The result was not stable by metasensitivity analysis. However, it indicated statistical significance after removing the research by van Hooft et al. (Table 6 ). The authors considered that rate of complication may be overestimated due to more patients with complete intestinal obstruction (70%) and strict follow-up in van Hooft's research, which was distinct with others' reports. Test for overall effect: Z = 2.27 (P = 0.02) be interpreted by year of publication ( = 2.4884, = 0.0128, Table 7 ).
Postoperative Mortality within 30 Days.
We employed fixed effect model for analysis since there was no heterogeneity ( = 0.33, 2 = 12%) and found postoperative mortality with 30 days in SEMS group was slightly lower than that in emergency surgery group (5.9% versus 7.3%; RR 0.83; 95% CI 0.36-1.93; = 0.67) (Figure 6(a) ). Funnel plot (Figure 6(b) ) and Egger's test (Table 3) indicated there was no bias for the analysis. 
Rate of Surgical Site Infection (SSI).
Fixed effect model was used for analysis since there was no heterogeneity ( = 0.46, 2 = 0) and the result showed the SSI rate in SEMS groups was significantly lower than that in emergency surgery group (10.2% versus 19.7%; RR 0.51; 95% CI 0.28-0.92; = 0.03) (Figure 7(a) ). No bias was found by funnel plot (Figure 7(b) ) and Egger's test (Table 3) .
Rate of Permanent Colostomy.
The rate of permanent colostomy in SEMS group was lower than that in emergency surgery group (28.7% versus 38.7%; RR 0.77; 95% CI 0.57-1.04; = 0.09).
Discussion
Tumor resection and proximal colostomy followed by stoma reversal to restore intestinal continuity is the most common surgery for left-sided malignant colonic obstruction because of the low rate of primary anastomosis under emergency condition. However, current treatment is considered too complicated with poor life quality and up to 40% complication rate and only 60% of patients received stoma reversal surgery [7, 8] . Therefore, more and more surgeons started to explore safer and more efficient operations for LMCO. Dohmoto reported 19 cases of nonresectable or metastatic rectal cancer with obstruction with laser recanalization or SEMS installation to relieve obstruction in 1991 [9] . Tejero et al. described the preliminary experience about the transition with SEMS installation to relieve obstruction for later decisive surgery with two colon cancer patients in 1993 [10] . Surgeons gained more time with SEMS application for ameliorating patients' condition, bowel preparation, and preoperative assessment for tumor stage, which could improve the operative safety and efficiency.
Watt et al. and Zhang et al. compared the clinical effect between surgery after SEMS installation and emergency surgery for colon cancer by review and meta-analysis, respectively [11, 12] . They found significant higher primary anastomosis rate and lower complication rate for SEMS group compared with emergency surgery group. No statistical significance was found for permanent rate of colostomy and postoperative mortality within 30 days although they were lower in SEMS group. However, the meta-analysis by Zhang et al. analyzed 6 retrospective studies and 2 randomized controlled studies. Similarly, more retrospective researches were included in the meta-analysis by de Ceglie et al. [13] . Therefore, potential inevitable bias may exist since there was obvious heterogeneity among the analysis about rate of anastomotic leak, postoperative mortality within 30 days, and longterm survival. In this report, we focused on five randomized controlled trials and found that semielective surgery after SEMS installation had significant advantage over emergency surgery for the rate of overall colostomy, SSI, postoperative complication, and primary anastomosis. Semielective surgery after SEMS installation could improve patients' life quality and promote recovery by enhancing the rate of primary anastomosis and decreasing the rate of colostomy, postoperative complication, and SSI.
Although no statistical significance was detected, the difference between semielective surgery after SEMS and emergency surgery indicated SEMS application might have advantage for primary anastomotic rate (71.3% versus 51.8%), rate of anastomotic leak (5.9% versus 6.6%), and postoperative mortality within 30 days (5.9% versus 7.3%). However, apart from the above-mentioned advantage, the following issues should be emphasized regarding the transition of SEMS application in later decisive operation for LMCO.
First, stent installation may result in distinct clinical outcomes due to technical difficulty, such as abdominal infection and tumor implantation caused by stent-related perforation. Therefore, the ability of handling stent installation should be taken into consideration as the success rate and complication rate related to stent installation noticeably affect overall complication rate in SEMS group. Regarding the success rate of colonic stent application for transition of semielective surgery, one collecting analysis with 1198 patients in 54 studies revealed 92% technical success rate, 71.7% clinical success rate, and 3.76% perforation rate [14] . In comparison, the rate of successful stent installation and stent-related perforation was 70.2% (33/47), 12.8% (6/47), respectively, in van Hooft et al. 's report [5] and 46.7% (14/30), 6.7% (2/30), respectively, in Pirlet et al. 's report [4] , leading to termination of the research ahead of schedule. Ho et al. employed subgroup analysis by excluding 6 cases that failed in stent installation and found SEMS group exhibited lower rate of colostomy and postoperative complication and faster intestinal recovery. Therefore, we speculated that SEMS application might achieve more advantages over surgery alone with optimal success rate.
Second, it is worth emphasizing the effect of stent application on long-term prognosis of tumor. Only one prospective randomized controlled study by Alcántara et al. analyzed the long-term mortality between semielective surgery after SEMS and emergency surgery [1] . Their result indicated there was no statistical significance for overall survival rate between two groups ( = 0.843). The disease-free interval for semielective surgery after SEMS and emergency surgery was 25.49 and 27.06 months, respectively ( = 0.096), with slightly higher recurrence rate for patients with SEMS (8 cases versus 2 cases, = 0.055). In line with it, no significant difference was detected between two groups for long-term prognosis (survival rate of 1, 2, 3, and 5 years) in the systemic review by Watt et al. and meta-analysis by Zhang et al. [11, 12] .
However, since the survival or recurrence was not considered as an end point in the five randomized trials analyzed in this study, the oncological safety cannot be assessed due to the lack of data. In fact, one retrospective controlled study challenged the safety of SEMS application as transition of later decisive operation for LMCO [15] . The result indicated the 5-year survival rate (25% versus 62%; = 0.0003) and 5-year tumor-free survival rate (21% versus 48%; = 0.02) in SEMS group were significantly lower than those in emergency surgery group, although semielective surgery after SEMS achieved more dissected lymph nodes and higher postoperative chemotherapy rate. Even after excluding cases with perforation and metastasis, significant difference was still detected for overall survival rate ( = 0.003) and 5-year survival rate (30% versus 67%; = 0.001) between SEMS group and emergency surgery group [15] . Although the data from this retrospective study obviously differed from other reports, it strongly indicated that further research remained to be conducted for the effect of stent application on parameters such as long-term prognosis and life quality. Furthermore, chemotherapy before surgery for locally advanced colon cancer might be carefully considered to reduce the recurrence rate, which has the potential advantage in eradicating distant metastases and reducing the risk of incomplete surgical excision and the risk of tumor cell shedding during surgery by shrinking the primary tumor before surgery. Actually there are two clinical trials (FOxTROT and ECKINOXE) in progress to assess the effect of chemotherapy before surgery for locally advanced colon cancer. Following the clinical trials, we might propose a new therapeutic strategy for locally advanced colon cancer with the following 3 steps. First, create a stoma or apply the colonic stent to relieve the colonic obstruction. Second, apply chemotherapy by administrating neoadjuvant chemo to shrink primary tumor size and eradicate distant metastases. Third, perform surgery to resect the tumor tissue.
Taken together, the application of stent installation in operation for LMCO patients could enhance primary anastomotic rate while lowering the rate of colostomy, SSI, and postoperative complications. Although certain technical difficulty and risk accompanied with SEMS installation by colonoscopy under the condition of acute colonic obstruction, postoperative mortality remained comparable. Considering that all the included reports in this meta-analysis were prospective randomized controlled studies with limited amount, our conclusion remained to be further confirmed by more randomized controlled studies and strict long-term followup research.
